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The solubility of gypsum in aqueous solutions of mag- 
nesium sulphate has not been studied systematically and the 
few results recorded in the literature must be considered as 
of a qualitative nature only. Fassbender' states that no 
gypsum dissolves in a saturated solution of magnesium sul- 
phate even after several days' contact. DroezeS has re- 
peated the experiment a t  13.5' and by analysis of the residual 
solid finds all the calcium sulphate which was originally 
added. The solubility of gypsum in a solution of magnesium 
sulphate one-tenth saturated, he gives as 0.86 gram per 
liter. 

There is no accurate method of separation of small 
amounts of calcium from large amounts of magnesium. The 
separation of calcium from magnesium by precipitation with 
ammonium oxalate is feasible only in case the magnesium 
salts are present in small amount. This is due to the well- 
known solvent action on calcium oxalate by magnesium 
salts. The method based on the solubility of niagnesium 
sulphate in aqueous alcohol and the insolubility of calcium 
sulphate in this solvent is not delicate enough to estimate 
the calcium in solution when the concentration of magnesium 
sulphate is great. Attempts to determine the composition 
of such solutions by analytical means were therefore abandoned 
and a different method was resorted to. 

As the detection of small quantities of calcium in the 
presence of large amounts of magnesium is not feasible in a 
wet way, the magnesium sulphate was examined spectro- 
scopically and no calcium could be discovered. As a large 
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quantity of magnesium might, however, mask the presence 
of traces of calcium, a trace of lime salt was added to a con- 
centrated solution of the magnesium sulphate and this solu- 
tion was examined spectroscopically. The calcium lines were 
quite distinct. It was calculated that the ratio of calcium 
to magnesium in this solution was about one to seven hundred, 
and hence the amount of calcium originally present must a t  
least have been very much less. 

Definite quantities of a concentrated solution of mag- 
nesium sulphate of which the composition had been deter- 
mined were diluted with definite amounts of water, the whole 
volume of each solution being about zoo cc. These solutions, 
18 in all, varying in composition from pure mater to a solu- 
tion almost saturated, were contained in salt-mouth bottles 
of zoo cc content. A glass rod passed through the paraffined 
cork, and almost touched the bottom of the bottle. To the 
lower end of the rod a weighed plate of pure selenite (CaSO,. 
zH,O) was attached by means of rubber bands, and after 
fitting the cork tightly into the bottle the whole top was 
paraffined over. The bottle was then rotated in a horizontal 
position around its axis. The temperature of the thermostat 
varied at  most 0.1' from 25' C. After two weeks the bottle 
was opened and the crystal of selenite was drained, washed 
with jo  percent alcohol, dried and weighed. This procedure 
was then repeated at intervals of one week until the selenite 
plate had assumed a constant weight. In most cases the 
crystal had reached constant weight after four weeks. but in 
some cases not until five weeks had elapsed. 

As soon as equilibrium had been attained the density of 
each solution was determined. Thus, both mass-concen- 
tration and volume-concentration may be computed. In 
the case of the solution saturated with respect to  both gypsum 
and MgS0,.7HZO, the volume of solution was determined by 
removing the solution from the crystals of magnesium sul- 
phate by suction. This solution was also analyzed for mag- 



212 F. K. Camevon and]. M. BeZZ 

nesium, the content of CaSO, being known from the decrease 
in the weight of the selenite plate. From these data and 
the density, the volume concentration of the solution has been 
computed. 

The results are given in the following table, and have 
been plotted in the accompanying diagram. 

SOLUBILITY OF GYPSUM IN MAGNESIUN SULPHATE SOLUTION 

2 5 O  Density o. 
25 

1.0032 
I . 0 O j  j 
I .0090 
1.0118 
1.0226 
1.0419 
1.0626 
I .os33 
1.1190 
1.1377 
1.1479 
1.1537 
1.1813 
1.2095 
1.2382 
1.2624 
1.2877 
1.3023 

MgSO, per 
liter 

0.0 
3.20 
6.39 

10.64 
2 I .3h 
42.68 
64.14 
85.67 

149.67 
165.7 
171.2 
198.8 
232.1 
265.6 
298.0 
330.6 
355.0' 

128.28 

CaSO, per 
liter 

2.046 
1.620 
1,507 
1.471 
1.478 
1.558 
1.608 
1.617 
1.627 
1.597 
1.549 
1.474 
1.422 
1.254 
I ,070 
0.860 
0.647 
0.501 

The data concerning the concentration of the solution in 
equilibrium with both gypsum and magnesium sulphate, agree 
well with those determinations by BaschSZ From the above 
table the content of this solution in magnesium sulphate is 
26.8 percent, and from the work of Basch at  2 5 O ,  it is calcu- 
lated as 27.2 percent. 

Saturated with MgS04.7H,0. 
Kunstliche Darstellung und Bildungsverhaltnisse des Polyhalits, 1naug.- 
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It will be seen from the diagram that the solubility of 
gypsum is depressed very much by small quantities of mag- 
nesium sulphate. The solubility curve has a minimum point 
at  about 13 grams MgSO, and 1.46 grams CaSO, per liter. 
Prom this concentration the solubility gradually increases 
for increasing amounts of MgSO, in the solution to a maximum 
point at  about 105 grams MgSO, and 1.64 grams CaSO, per 
liter. From this point the solubility decreases again with 
higher concentrations of MgSO,. The solution saturated 
with both salts has a concentration of 3j5 grams MgSO, and 
0.50 gram CaSO, per liter. 

Fig. I 

This is a remarkable solubility curve in that it shows 
both a minimum and a maximum point. It may be defi- 
nitely affirmed that this has not been due to any change of 
solid phase, for had this occurred the gypsum plate would 
have been decomposed more or less completely to form the 
new phase, and successive weights of the crystals would have 
had wide variations in weight. 

These results suggest a means of analysis of calcium in 
the presence of large amounts of magnesium. Convert into 
sulphates and add a weighed crystal of selenite to a known 
amount of the solution and agitate as has been described, 
until the weight of the crystal becomes constant. The solu- 
tion is then analyzed in the usual way for magnesium. The 
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solubility of gypsum in a solution of this concentration can be 
estimated from the chart. The difference between this 
solubility and the loss of weight of the crystal gives the amount 
of calcium already present in solution. 

The rapid decrease in the solubility of gypsum for small 
amounts of magnesium sulphate finds a parallel in the de- 
pression in solubility due to the other sulphates, sodium,1 
potassium' and a m m o n i ~ m , ~  while in the case of sulphuric 
acid4 there is almost a constant solubility a t  25' up to a con- 
centration of 3 grams H,SO, per liter. Quite different, how- 
ever, is the effect of salts in the solution which yields no common 
ion. In every case a slight quantity of such a salt will in- 
crease the solubility of gypsum over that in pure water. It 
seems probable, therefore, that this depression in solubility 
is due to the effect of the common ion. 

Two tentative suggestions are offered in explanation of 
the minimum point and the maximum point. The first 
suggestion is that the peculiar shape of the curve may be 
due to changes in the density of the solvent. There is no 
method, so far as we know, of determining what the density 
of the solvent is under any circumstances, but it is well-known 
that such changes occur. In some cases the volume of the 
solution is less than the volume of the pure solvent and there 
can be no doubt that a change in density has occurred. The 
second tentative suggestion is based on the effect of the 
dissociation upon the solute, by attributing specific effects 
on the different materials in solution. From the point of 
view of the dissociation hypothesis magnesium sulphate in 
solution forms the magnesion and the sulphion. Assuming 
that these ions tend to change the solubility in opposite 
directions, the sulphion to depress it and the magnesion to 
increase it, there may come a concentration at which the 

Cameron and Seidell : Jour Phys. Chem., 5 ,  643 (1901) , Cameron and 
Breazeale : Ibid., 8, 335 (1904). 

J Cameron and Breazeale : Ibid., 8, 335 (1904). 
Sullivan : Jour. Am. Chem. SOC., 27, 529 (1905). 
Cameron and Breazeale : Jour. Phys. Chem., 7,  5 7 1  (1903). 



solvent action of the magnesion overcomes the depressing 
action of the sulphion and the solubility increases. At higher 
concentrations the amount of undissociated salt becomes great 
relatively to the ionic concentrations, and assuming that this de- 
presses the solubility the amount of gypsum going into solu- 
tion will diminish with increasing amounts of magnesium 
sulphate. This point of view of the specific solvent action 
of ions is supported by a consideration of the solvent action 
upon gypsum of various nitrates and chlorides in solution. 
For equimolecular quantities of the chlorides of hydrogen, 
magnesium, ammonium, sodium and potassium where the 
concentration is quite low and consequently ionization almost 
complete the solvent capacity of these chlorides is greatest 
for HC1 and so on in the order named for the temperature 
25'. Thus by keeping the effect of the chlorine ion practically 
constant the difference in solvent action of the various cations 
may be estimated. In the case of the nitrates, by holding 
the effect of the anion constant, the solvent capacity of the 
cations is found to be in the same order as in the case of the 
chlorides. The hydrogen ion has by far the greatest solvent 
action, then magnesium, then ammonium, sodium and potas- 
sium, the solubility curves for the last three lying quite close 
together. It is interesting to note that the solvent action 
of the cations decreases with increase in the combining weight 
of the ion. 
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